To identify the emotional and motivational processes that reinstate palatable food intake following removal of high-fat diet (HFD) and associated neuroadaptations tied to neurochemical and behavioural changes underlying dopaminergic function. METHODS: Adult male C57Bl6 mice were placed on a HFD (58% kcal fat) or ingredient-matched, low-fat diet (LFD; 11% kcal fat) for 6 weeks. At the end of diet-regimen mice were either maintained on their respective diets, or HFD and LFD were replaced with normal chow (withdrawal). Effort-based operant responding for sucrose and high-fat food rewards was measured along with basal and stress-induced corticosterone levels and anxiety (elevated-plus maze). Protein levels for tyrosine hydroxylase (TH), corticosterone releasing factor type 1 receptor (CRF-R1), brain-derived neurotrophic factor (BDNF), phospho-CREB (pCREB) and DFosB (truncated splice variant of FosB) were assessed in the amygdala, nucleus accumbens (NAc) and ventral tegmental area (VTA) via western immunoblotting. RESULTS: Six weeks of HFD resulting in significant weight gain elicited sucrose anhedonia, anxiety-like behaviour and hypothalamic-pituitary-adrenocortical axis (HPA) hypersensitivity to stress. Withdrawal from HFD but not LFD-potentiated anxiety and basal corticosterone levels and enhanced motivation for sucrose and high-fat food rewards. Chronic high-fat feeding reduced CRF-R1 and increased BDNF and pCREB protein levels in the amygdala and reduced TH and increased DFosB protein in NAc and VTA. Heightened palatable food reward in mice withdrawn from HFD coincided with increased BDNF protein levels in NAc and decreased TH and pCREB expression in the amygdala. CONCLUSION: Anhedonia, anxiety and sensitivity to stressors develops during the course of HFD and may have a key role in a vicious cycle that perpetuates high-fat feeding and the development of obesity. Removal of HFD enhances stress responses and heightens vulnerability for palatable foods by increasing food-motivated behaviour. Lasting changes in dopamine and plasticityrelated signals in reward circuitry may promote negative emotional states, overeating and palatable food relapse.
INTRODUCTION
Overconsumption of calorically-dense food contributes to increasing rates of obesity and associated comorbidities including mood disorders. Palatable high-fat and high-sugar foods are rewarding and their intake can recruit neural pathways and mechanisms linked to addiction. Although the concept of food addiction has gained much attention recently, whether or not clinical features of addiction can be applied to feeding is still being debated. 1 Explaining the failure of many weight-loss programs, dieting is often accompanied by heightened desire for high-fat and -sugar foods and reverting to unhealthy eating habits. High-fat diet (HFD) withdrawal can elicit palatable food cravings that along with reexposure to these foods, associated cues and/or stressful experiences can cause relapse. 2 Physical, psychosocial and pharmacological stressors can stimulate or reinstate palatable food seeking [2] [3] [4] and clinical reports show that food addicts use food to self-medicate; they often eat in order to escape negative emotional states. 5 The neural circuitry underlying reward, emotion and addictive processes includes mesolimbic dopamine (DA) neurons originating in the ventral tegmental area (VTA) of the midbrain that innervate limbic sites including the nucleus accumbens (NAc) and amygdala. 6 The VTA, NAc and amygdala are posited to form an interconnected network important for reward processing, 7 while the amygdala also has a fundamental role in the control of anxiety. 8, 9 Repeated intake of drugs and natural rewards leads to adaptations in DA neurons and their targets that escalate intake and can promote compulsive behaviour. 10, 11 Important neural adaptations within mesolimbic reward-associated areas include increase in transcriptional and neurotrophic signals such as phospho-CREB (pCREB), DFosB (truncated splice variant of FosB) and brain-derived neurotrophic factor (BDNF). Previous studies report that chronic HFD consumption reduces DA tone and increases BDNF, pCREB and DFosB protein levels in midbrain and limbic reward sites. [12] [13] [14] We recently found that chronic intake of HFD-induced obesity (DIO) enhances hypothalamicpituitary-adrenocortical axis (HPA) stress responsiveness and promotes anxiety-and depressive-like behaviour along with reductions in tyrosine hydroxylase (TH), the rate-limiting enzyme in DA biosynthesis, and increased BDNF, pCREB and DFosB protein levels in the NAc. 15 It is nonetheless important to determine whether or not such changes are secondary to deleterious metabolic effects of obesity including hypercorticosteronemia.
Little is known about the evolution of cravings and motivation for palatable foods following withdrawal from chronic HFD and the reward-relevant neurobehavioural changes involved. Cottone et al. [16] [17] [18] found that withdrawal from extended, intermittent access to palatable food increases anxiety and decreases effortbased responding for less palatable chow, an effect linked to elevated corticotrophin-releasing factor receptor-1 (CRF-R1) signalling in the amygdala. 19 HFD removal is reported to increase operant responding for sucrose rewards in obesity-prone but not obesity-resistant rats, 20 however, it is not known if withdrawal from chronic high-fat feeding increases anxiety and palatable food reward, independent of genetic factors that enhance susceptibility to weight gain and which neurobiological changes are involved.
In the present study we tested the hypothesis that HFD withdrawal enhances effort-based responding for sucrose and high-fat foods, increases behavioural and biochemical anxiety measures and modulates dopamine-, stress-and plasticity-related proteins in components of mesolimbic reward circuitry. To dissociate the effects of chronic HFD from metabolic disturbances caused by severe DIO, we investigated the impact of HFD for 6 weeks. Accordingly, a second objective was to test the hypothesis that chronic high-fat feeding and weight-gain before the development of severe obesity produces anxiety, anhedonia and associated neuroadaptations in brain reward circuitry.
METHODS

Animals and diets
Experiments were performed on 90 adult male C57Bl/6 mice received at 6 À 7 weeks of age from Jackson Laboratory (Bar Harbour, Maine, USA). All mice were maintained in environmentally controlled rooms (22-24 1C) with ad libitum access to standard chow and water. Mice were pseudorandomly assigned to one of two diet groups such that mean-body weights were initially equal between groups. One group received a HFD (HFD; D12231; Research Diets, Inc., New Brunswick, NJ, USA) containing 58% kcal from fat; 16.4% kcal from protein and 25.5% kcal from carbohydrates. To control the novelty of the diet the other group of mice were placed on a control, ingredient-matched low-fat diet (LFD; D12328; Research Diets, Inc., New Brunswick, NJ, USA) containing 10.5% kcal from fat; 16.4% kcal from protein and 73.1% kcal from carbohydrates. Three separate cohorts of mice (Groups 1, 2 and 3) were used to investigate the effect of diet and diet withdrawal on various behavioural and biochemical measures. All procedures involving the use of animals were approved by the CRCHUM Animal Care Committee.
Diet withdrawal
Following 6 weeks on either HFD or LFD all mice were transferred to new cages. Mice from the withdrawal groups were given ad libitum access to standard chow, whereas mice from the non-withdrawal group were maintained on their respective diets.
Food-motivated operant responding
We used a well-validated measure of food reward known as the progressive ratio (PR) operant task for which response requirements for food escalate over the course of the session. An increase in PR responding is inferred as increased motivation for food. 21 Experiments were performed in mouse operant chambers (Med Associates Inc., St. Albans, VT, USA) as described previously. 22 Briefly, chambers were equipped with two ultralight response levers and a food receptacle. Only one lever was designated as 'active' (triggering food reward) and the allocation of right and left levers were counterbalanced between mice. Responding on the active lever was reinforced by the delivery of a 20-mg sucrose pellet or a high-fat pellet containing 48.9% kcal as fat (Bio-Serv, Frenchtown, NJ, USA). Mice (Group 1, N ¼ 12) were trained in a PR schedule where response demands increased according to r ¼ (5 Â e0.2n) À 5, rounded to the nearest integer and with n as the position in the sequence of ratios (1, 2, 4, 9, 12, 15, 20, etc.) . 21 The last ratio completed in the PR session is considered as the breakpoint. After obtaining basal breakpoints in the PR, task mice were divided pseudo-randomly to either the HFD or LFD group with the added constraint that there basal breakpoints were not different during baseline. During the fifth week of the diet-regimen, mice were introduced back into the operant chambers for retraining. After the 6-week diet period all mice were subjected to diet withdrawal and tested once a day for 5 days following withdrawal; the first 3 days with sucrose and the last 2 days using high-fat rewards. Caloric intake and body weight were measured at each test day.
Elevated plus maze (EPM)
One day following diet withdrawal (or maintenance), mice from Group 2 (N ¼ 30) were tested in the EPM, the most commonly used rodent model of anxiety, 23 as described previously. 15 Each experiment was recorded and tracked for 5 min using an overhead video camera and software (Ethovision XT, Med Associates Inc., St. Albans, VT, USA).
Basal and stress-induced corticosterone measures
Basal corticosterone was measured in mice from Group 3 (counterbalanced across conditions) on blood collected during sacrifice. The day following the EPM test each mouse from Group 2 (counterbalanced across conditions) was restrained for 30 min in decapicones and tail-blood samples were collected. Plasma corticosterone was measured by an enzyme-linked immunosorbent assay corticosterone kit (Enzo Life Sciences, Farmingdale, NY, USA).
Western immunoblotting
Mice (Group 3; N ¼ 48) were sacrificed under isoflurane anaesthesia 3 days following the diet withdrawal manipulation. Brains were rapidly dissected and frozen in isopentane. Frozen brains were sliced into 200 mm coronal sections using a cryostat and mounted onto slides maintained on dry ice. Nuclei were microdissected using brain tissue punches (Stoelting, Inc., Kiel, WI, USA). As shown in Figure 1 , bilateral tissue punches of 0.75 mm diameter were obtained from the VTA and 1.0 mm diameter punches from the NAc and basolateral amygdala and central nucleus of amygdala. Samples were homogenized on ice in 100 ml of cell lysis buffer (20 mM Tris, pH 7.5; 150 mM NaCl; 1 mM Na2EDTA; 1 mM EGTA; 1% Triton; 2.5 mM sodium pyrophosphate; 1 mM b-glycerophosphate; 1 mM Na3VO4; 1 mg ml À 1 leupeptin) with added protease (phenylmethylsulphonyl fluoride 100 mM) and phosphatase inhibitors (Sigma phosphatase inhibitor cocktails I and II) using a motorized pestle. Homogenates were centrifuged for 15 min at 14 000 Hg. Protein samples (20 mg) were separated by electrophoresis on a 10% polyacrylamide gel and electro-transferred to a polyvinylidene difluoride membrane (Millipore, Bedford, MA, USA). Membranes were blocked in tris-buffered saline with 5% low-fat milk and 0.1% Tween-20 or 5% bovine serum albumin. Membranes were rinsed in buffer (0.1% Tween-20 in tris-buffered saline) and then incubated with anti-BDNF, anti-CRF-R1 (1:500; Santa Cruz Biotechnology, Santa Cruz, CA, USA), anti-pCREB (Ser133), anti-Delta FosB, (1:1000; Cell Signalling Technology Inc, Danvers, MA, USA), anti-TH (1:1000; Millipore, Bedford, MA, USA), followed by antirabbit or antigoat or antimouse Immunoglobulin G horseradish peroxidase-conjugate (1:5 000). After rinsing with buffer, immunocomplexes were visualized by chemiluminescence using western lighting plus ECL (PerkinElmer, Waltham, MA, USA). Film signals were digitally scanned and then density quantified using ImageJ software (free software available from NIH at http://rsbweb.nih.gov/ij/). All protein data were normalized according to GAPDH control values.
Statistical analysis
Data were analysed using GraphPad Prism 5 software (http://www. graphpad.com). Data are presented as means ± s.e. of the mean (s.e.m.). A two-way analysis of variance with Bonferonni post-tests was used to calculate data collected from the operant conditioning task, food intake and body weight following withdrawal, EPM test, plasma corticosterone and western blotting. Unpaired t-tests were used to compare food intake, body weight and sucrose anhedonia measures.
RESULTS
Food intake and body weight
Cumulative food intake was significantly increased by 5 weeks in mice consuming HFD as compared with control LFD mice (Figure 2a) . By 6 weeks HFD mice had an 11.8% increase in body weight relative to LFD mice (Figure 2b ).
High-fat food withdrawal and reward S Sharma et al HFD-induced sucrose anhedonia and elevated food reward following HFD withdrawal To measure motivation and craving for food we used a progressive-ratio task that assesses effort-based responding for food rewards. Mice fed HFD for 6 weeks displayed reduced sucrose intake and breakpoint response thresholds for sucrose relative to LFD mice (Figure 3a) . Decreased motivation for sucrose is also known as sucrose anhedonia, a phenomenon linked to negative emotional states and reduced reward sensitivity. HFD and HFD withdrawal increase physiological measures of stress Mice in the HFD withdrawal group showed a small, but reliable decrease in body weight 24 h postwithdrawal that was not observed in the LFD group (Figure 5a ). Decreased body weights following HFD withdrawal likely reflect increased stress and locomotor activity and are consistent with the behavioural and biochemical results we and others obtained. 25 HFD did not elevate basal corticosterone levels, but withdrawal from HFD increased corticosterone levels relative to those obtained in LFD withdrawal mice (Figure 5b ). To assess whether or not HPA stress reactivity is elevated by HFD and its withdrawal, we measured plasma corticosterone levels following 30-min restraint stress. There was a significant main effect of HFD but no effect of withdrawal to increase corticosterone levels (Figure 5c ). There was a main effect of HFD to reduce the number of open arm entries; however, there was no difference between mice HFD and LFD withdrawal mice. As indices of locomotor activity, no differences were observed between HFD and LFD mice for (c) closed arm entries and (d) total distance travelled in the EPM. There was however, an increase in locomotor activity in mice withdrawn from HFD relative to mice maintained on HFD. Means ± s.e.m. *Pp0.05, **Pp0.01.
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HFD and withdrawal from HFD alter dopamine & plasticity-related proteins in brain reward circuitry Amygdala. To determine if HFD and its withdrawal give rise to adaptations in brain reward circuitry, we measured the expression of proteins relevant to mesolimbic DA function and plasticity at a time point following withdrawal that corresponded to the increased sucrose cravings (Day 3). We first focused our attention on the amygdala where DA and CRF-R1 signalling have a welldefined role in the aversive effects of the drug [26] [27] [28] [29] [30] and food 19 withdrawal. In addition to a main effect of withdrawal to decrease levels of TH, the rate-limiting enzyme for DA biosynthesis, we found a significant interaction between withdrawal and diet on amygdalar TH protein levels: HFD withdrawal decreased TH expression by B78%, which was significantly different that the 54% reduction observed in LFD withdrawal mice (Figure 6a ) (t-test on delta-TH; P ¼ 0.04). There was a main effect of HFD to decrease CRF-R1 levels in the amygdala as compared with the LFD mice, but no effect of withdrawal. The expression of pCREB was increased in the amygdala by HFD, whereas HFD withdrawal reduced pCREB levels ( Figure 6a ). Finally, there was a near-significant increase in BDNF levels in HFD mice to LFD controls (P ¼ 0.06).
NAc. In the NAc, TH levels were significantly reduced by HFD but unaltered by HFD withdrawal (Figure 6b ). There was no effect of HFD on BDNF levels, however, withdrawal from HFD-increased NAc À BDNF expression (Figure 6b ). DFosB protein in the NAc was increased by HFD, whereas withdrawal from HFD supressed NAc DFosB expression (Figure 6b ). Decrease in TH and increase in BDNF and DFosB protein levels in the NAc are similar to what has been observed previously with DIO. 15 VTA. Similar to the results obtained in the NAc, there was a main effect of HFD to decrease TH levels and increase DFosB levels in the VTA. Decreased VTA À TH and increased DFosB expression are consistent with previous observations in DIO mice (15) .
DISCUSSION
Food cravings and negative emotions play a key role in the failure of many dieting and weight-loss programs. Chronic high-fat feeding is comparable to an addictive-like process such that rewarding, yet unhealthy eating habits can persist and even strengthen despite clear deleterious consequences. The present study sought to determine the impact of long-term high-fat feeding and its withdrawal on the evolution of food-motivated behaviour, negative mood states and molecular adaptations in mesolimbic reward circuitry. We found that chronic high-fat feeding and weight gain before the onset of severe obesity produces a hypo-affective state characterized by sucrose anhedonia, anxiety and increased HPA reactivity. Linked to these changes, we identified several molecular modifications in the amygdala, NAc and VTA similar to those observed in states of DIO 12, 15 and chronic drug use. [31] [32] [33] Withdrawing palatable HFD but not LFD heightened craving and motivation for sucrose and high-fat food and increased physiological and behavioural indices of anxiety. Accompanying enhanced food cravings and anxiety in mice withdrawn from HFD, were reduced TH and pCREB expression in amygdala and decreased DFosB and increased BDNF protein levels in the NAc. These biochemical changes are tied to lasting neurochemical and behavioural changes related to dopaminergic function and parallel outcomes obtained during chronic administration of drugs of abuse and their withdrawal. 34, 35 We previously reported on the effects of DIO to produce anxiety, despair and neuroadaptations in brain reward circuitry. 15 Here we found that a shorter period of high-fat feeding resulting in about half the weight gain observed in DIO mice in our previous study also elicits negative emotional states and hyper-reactivity to stressors, albeit to lesser degree. Motivation for sucrose was decreased following 6 weeks of high-fat feeding as was the amount of time spent in open arms of the EPM implicating anhedonia and anxiety-like behaviour, respectively. As in our DIO study, the negative emotional outcome of high-fat feeding in the present study may rely on increased weight gain and associated metabolic changes. However, unlike our DIO study basal corticosterone levels were not increased in mice fed HFD, rather corticosterone was elevated in HFD mice only following the restraint stress manipulation. Collectively, these findings suggest that negative mood and sensitivity to stressors develop over the course of HFD and may contribute to a vicious cycle that perpetuates high-fat feeding to promote weight gain and the development of obesity.
Stress and the presence or removal of rewarding stimuli can modulate motivation and affective behaviour. 36, 37 Operant conditioning experiments permitted evaluation of the effects of HFD withdrawal on food-motivated behaviour and craving by High-fat food withdrawal and reward S Sharma et al determining changes in the amount of effort mice were willing to engage in for palatable food rewards. Mice subjected to HFD but not LFD withdrawal displayed increased effort-based responding for sucrose rewards by the third day following withdrawal. That food-motivated behaviour was not elevated during the first 2 days suggests the presence of an incubation period for sucrose craving following HFD withdrawal. Increased food cravings also translated to fatty food rewards, as mice withdrawn from HFD worked harder to obtain high-fat food pellets relative to mice withdrawn from the LFD. Importantly, as we implemented a control LFD different than chow we can rule out any effects of novelty on food reward, and similarities in the proportion of correct responses (active versus inactive levers) between prediet baseline, postdiet and withdrawal conditions excludes diet-induced changes in learning and memory as potential confounds. Heightened sucrose reward in mice withdrawn from HFD relative to LFD withdrawal mice was evident despite the fact that sucrose responding was attenuated before withdrawal in HFD mice. As described above, decreased sucrose intake is commonly used as a marker of anhedonia, 24, 38, 39 thus we interpret decreased response thresholds of HFD mice as a reflection of a hypo-affective state. Taken together, these observations suggest that although there are susceptibility factors Figure 6 . Plasticity-and stress-related protein changes in amygdala, NAc and VTA. (a) Amygdala. The protein levels of amygdalar TH, a key enzyme in DA metabolism, decreased after withdrawal. HFD-reduced CRF-R1 and increased BDNF and pCREB expression, whereas withdrawal from HFD significantly reduced the levels of pCREB. (b) NAc. HFD-reduced TH and increased DFosB levels in the NAc. Withdrawal from HFD increased BDNF and decreased DFosB expression in the NAc. (c) VTA. As in the NAc, HFD decreased TH and increased DFosB levels in the VTA, however withdrawal did not alter the expression on any of the measured proteins in the VTA. Means ± s.e.m. *Pp0.05, **Pp0.01, ***Pp0.001.
High-fat food withdrawal and reward S Sharma et al that contribute to food cravings following HFD withdrawal, 20 removal of high-fat food following long-term intake is sufficient to enhance motivation and cravings for palatable foods. In addition to increasing motivation for palatable food, HFD removal potentiated anxiety-like behaviour. Consistent with this data, Teegarden et al. 25 found significant anxiety-like effects using an open field-test 24 h after HFD withdrawal. In addition, Cottone et al. 19 reported that rats subjected to withdrawal from intermittent HFD display increased anxiety in the EPM task as early as 5-9 h postwithdrawal. Similarly, withdrawal from intermittent sugar exposure decreases time spent in the open arms of the EPM 40 and can elicit classic symptoms of withdrawal including teeth chattering, forepaw tremor and head shakes. 41 Our observation of elevated corticosterone levels in mice subjected to withdrawal from palatable HFD underlines the stress-provoking effects of HFD withdrawal. Moreover, we found that mice withdrawn from a palatable HFD showed a small, yet consistent drop in body weight, which is a reported physiological response to a heightened-stress-state associated with reductions in rewarding stimuli. 25, 42 Several lines of evidence indicate that, increased stress and anxiety triggers relapse to drug [43] [44] [45] and food seeking, 46, 47 and thus we posit that the stressful effects of diet withdrawal contribute to the increased motivation for sucrose and fat we observed. Chronic high-fat feeding and withdrawal produced several changes in DA and plasticity-related proteins in the amygdala and NAc, and to lesser extent in the VTA, that are tied to lasting neurochemical and behavioural changes related to dopaminergic function. First, HFD-reduced protein levels for the DA biosynthetic enzyme TH in the VTA and the NAc, a major projection site of VTA À DA neurons. This observation is consistent with several reports that obesity 15, 48, 49 and high-fat feeding independent of obesity 50 reduces mesolimbic DA tone. As there were no changes in TH in the amygdala, our findings suggest that decreases in DA biosynthesis by high-fat feeding are specific to the mesoaccumbens DA pathway. Decreases in DA signalling by chronic high-fat feeding are speculated to reduce reward sensitivity and thereby promote compensatory overeating of palatable foods. [51] [52] [53] [54] Diet withdrawal did not affect mesoaccumbens TH levels but decreased TH expression in the amygdala and to a significantly greater extent in mice withdrawn from HFD. Interestingly, elevated anxiety following a stressor has been shown to reduce DA biosynthesis in the amygdala of rats. 55 In view of the role of the amygdala in behavioural stress responses, decreased DA biosynthesis in the amygdala following withdrawal may have a role in the anxiogenic effects of HFD withdrawal. In opposition to TH levels, amygdalar CRF-R1 protein expression in the amygdala was reduced by HFD and unchanged by withdrawal. Reduced CRF-R1 levels in the amygdala may be a compensatory response to increased amygdalar CRF levels that are reportedly elevated by long-term high-fat feeding. 56 Indeed, increased CRF mRNA and protein levels are associated with loss of CRF-R1 function. 57, 58 Although amygdalar CRF-R1 is implicated in the anxiogenic effects of intermittent HFD withdrawal, 19 we did not see any effect of withdrawal on CRF-R1 protein levels and speculate that this may be due to the later time point (Day 3) tissue was analyzed following withdrawal.
Chronic cocaine administration is known to upregulate pCREB in the NAc 59 and amygdala 60 and is associated with tolerance-like increase in cocaine self-administration (that is, reduced reward sensitivity). With this in mind, we speculate that the increased pCREB expression in the amygdala may contribute to HFDinduced sucrose anhedonia we observed. Consistent with such a possibility, amygdalar pCREB levels during HFD withdrawal decreased in a manner that coincided with enhanced foodmotivated responding. Similar reductions in pCREB protein levels in the amygdala are reported during withdrawal from nicotine following prolonged exposure. 61 These findings suggest that decreased CREB transcriptional activity in the amygdala may be an important adaptation to high-fat food withdrawal that orients behaviour towards restoring palatable food intake. BDNF has an important role in behavioural plasticity and its signalling actions in the NAc are well-implicated in the modulation of reward. 31, 62, 63 Unlike DIO conditions, 15 the expression of BDNF in the NAc was not elevated by high-fat feeding whereas withdrawal from HFD-increased BDNF protein levels in NAc. Therefore, neurotrophic signalling in the NAc may contribute to heightened food cravings and/or anxiety triggered by HFD withdrawal. In agreement with previous reports, 15, 25 DFosB protein levels in NAc and VTA were elevated by chronic high-fat feeding and, as a novel finding, were attenuated in NAc by HFD withdrawal. NAc DFosB levels are also positively associated with an antidepressant action and coping with stressful experiences 64 and thus perhaps decreases in NAc À DFosB by HFD withdrawal, may underlie the anxiogenic effects of abstaining from HFD.
In conclusion, chronic high-fat feeding and subsequent withdrawal from HFD reflects human conditions, in which individuals attempt to replace a calorically-dense diet with healthier, low-fat and low-sugar food options, and therefore may provide a clinically-relevant model to explore the neurobiological mechanisms reinstating palatable food intake during diet regimens. The negative emotional outcomes elicited by chronic intake of high-fat food in the present study were milder than those we previously observed following longer periods of high-fat feeding leading to DIO. However, as in our previous study, the observed emotional impairments and biochemical changes by HFD, may depend on increase in body weight. Switching HFD to normal chow potentiated anxiety responses and HPA reactivity and gave rise to increased motivation for sucrose and high-fat food rewards following increase in NAc À BDNF and decrease in amygdalar pCREB. Functional studies will be required to determine the exact contribution of these signalling molecules to palatable food relapse. Heightened motivation for sugary and high-fat foods during HFD withdrawal or intermittent access may contribute to an addiction-like process in which repeated cycles of access, deprivation and resumption promote cravings and dependence.
